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High temperature oxide superconducting wire and method of manufacturing thereof 



(57) A high temperature oxide superconducting wire 
is provided which is capable of preventing metal located 
on the outer periphery of the superconducting wire from 
diffusing into a superconductor to achieve restriction of 
reduction in the critical current density. The high tem- 
perature oxide superconducting wire includes a high 



temperature oxide superconductor 1 , a sheathing body 
2 formed of material containing silver for coating the high 
temperature oxide superconductor 1, a heat-resistant 
oxide ceramic material 3 for coating the sheathing body 
2, and a coating body 4 which is inactive relative to the 
heat-resistant oxide ceramic material 3 in a high tem- 
perature oxidative atmosphere. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

[0001] The present invention relates to high temperature oxide superconducting wires and methods of manufacturing 
such wires, and more particularly to a high temperature oxide superconducting wire and a method of manufacturing 
thereof used in such applications as electric power, transportation, high energy and medical treatment. 

10 

Description of the Background Art 

[0002] It has been reported recently that a sintered body of oxide exhibits superconductivity at a high critical tem- 
perature, and the technique for superconduction employing such a superconductor is being into practical use. The 
'5 yttrium-based oxide and the bismuth-based oxide are reported respectively to exhibit the phenomenon of supercon- 
duction at 9QK and 11 OK. Such oxide superconductors are expected to be into practical use since they exhibit super- 
conducting properties in liquid nitrogen which is available at a relatively low cost. 

[0003] In order to transfer alternating current for supplying power, for example, through such superconductors, a 
superconducting wire formed by coating a superconductor with a silver sheath, coating the silver sheath with an insu- 

20 lator (high-resistant body) and further coating the insulator with metal is employed. 

[0004] The superconductor Is coated with the silver sheath for preventing the crystal structure of the superconductor 
from being destroyed in the drawing process. The silver sheath is coated with the insulator for reducing the ac loss. 
The insulator is coated with the metal for providing the superconducting wire with flexibility required. 
[0005] Superconducting wires having such a structure as set forth above are disclosed in, for example, International 

2S Publication No. W096/28853 and Japanese Patent Laying-Open No. 1 0-501 52. 

[0006] According to a method disclosed in W096/28853, a superconductor is surrounded on its periphery by silver 
or the like, and further surrounded on its periphery by metal. The metal is then oxidized to produce an insulator formed 
of metal oxide between the silver and metal. 

[0007] According to a method disclosed in Japanese Patent Laying-Open No. 10-50152, a superconductor is sur- 
-30 rounded by silver, and further surrounded on its periphery by electrically resistant alloy (high-resistant body). The 
resistant alloy is oxidized to produce an insulating oxide between the silver and the resistant alloy 
[0008] According to those techniques disclosed in the two publications described above, the metal is oxidized to 
form the insulating oxide. The oxidation allows the metal to diffuse into the superconductor and accordingly the crystal 
structure of the superconductor changes. A problem of decrease in the critical current density of the superconducting 
35 wire then arises. 

SUfVlMARY OF THE INVENTION 

[0009] The present invention is made to solve such a problem as described above. One object of the present invention 
40 is to provide a high temperature oxide superconducting wire in which metal located on the outer periphery of the 
superconducting wire does not diffuse into a superconductor to prevent reduction in the critical current density, and a 
method of manufacturing such a superconducting wire. 

[0010] According to one aspect of the invention, a high temperature oxide superconducting wire includes a high 
temperature oxide superconductor, a sheathing body, a high-resistant body, and a coating body. The sheathing body 
^ is formed of a material containing silver to coat the high temperature oxide superconductor. The high-resistant body 
is formed of a material containing a heat-resistant oxide ceramics to coat the sheathing body. The coating body is 
formed of a material which is inactive relative to the high-resistant body in a high temperature oxidative atmosphere 
to coat the high-resistant body. 

[0011] In the high temperature oxide superconducting wire having such a structure, the high-resistant body and the 
50 coating body are inactive relative to each other in the high temperature oxidative atmosphere, that is, the high-resistant 

body and the coating body are difficult to react with each other in that atmosphere. Consequently, it is possible to 

prevent the material constituting the coaling body from diffusing into the high temperature oxide superconductor in a 

heat treatment process. The crystal structure of the high temperature oxide superconductor does not change and 

reduction in the critical current density can be restricted. 
55 [0012] Preferably a plurality of sheathing bodies are provided and the high-resistant bodies are interposed between 

the plurality of sheathing bodies respectively Accordingly, the ac loss can be decreased when alternating current is 

transferred. 

[0013] The high temperature oxide superconductor is preferably in the shape of filament. 



2 



EP 0 964 458 A1 



[001 4] The heat-resistant oxide ceramics is preferably a ceramic material which is stable in an oxidative atmosphere 
of at least 800'C. 

[001 5] Preferably the heat-resistant oxide ceramics includes at least one selected from the group consisting of P^2^2^ 
MgO. CoO, C03O4, Si02, Bi2Sr2CuOx and (Sr, Ca)2Cu03. 
s [001 6] The material constituting the coating body preferably includes at least one selected from the group consisting 
of silver, silver alloy, oxide-dispersed silver, stainless steel, and nickel alloy. "Oxide-dispersed silver" herein refers to 
the metal silver in which oxide grains are dispersed. 

[0017] Preferably the silver alloy includes at least one selected from the group consisting of Ag-!\/1g alloy, Ag-Mn 
alloy, Ag-Au alloy. Ag-Sb alloy, and Ag-Pd alloy. 
10 [0018] Preferably the oxide-dispersed silver is formed of silver in which oxide grains including at least one selected 
from the group consisting of A€203, MgO. Mn203 and Li20 are dispersed. The oxide-dispersed stiver is represented 
as [Ag-A^2^3l refers to metal silver in which alumina (A€203) grains are uniformly dispersed. This representation 
is hereinafter similarly employed. 

[0019] Preferably the stainless steel is SUS304 (Japanese Industrial Standard or SUS310 (Japanese Industrial 
IS Standard). 

[0020] Preferably the nickel alloy is Ni-Cr-Fe alloy. 

[0021] Preferably conductive metal is added to the heat-resistant oxide ceramics. 

[0022] Preferably the conductive metal includes at least one selected from the group consisting of silver, silver alloy, 
gold, and gold alloy. 

20 [0023] The material forming the sheathing body preferably includes at least one selected from the group consisting 
of Ag. Ag-Au alloy and Ag-Sb alloy. 

[0024] The high temperature oxide superconductor is preferably Bi (Pb) - Sr - Ca - Cu - O-based high temperature 
superconductor. 

[0025] Preferably such a high temperature oxide superconducting wire as described above is a high temperature 

25 oxide superconducting current lead. 

[0026] According to one aspect of the present invention, a method of manufacturing a high temperature oxide su- 
perconducting wire includes the steps of filling a first pipe formed of a material containing silver with raw powder which 
becomes a high temperature oxide superconductor by a heat treatment or with powder of a high temperature oxide 
superconductor, placing the first pipe filled with the raw powder or the powder of the high temperature oxide super- 

30 conductor in a second pipe, filling a space between an outer surface of the first pipe and an inner surface of the second 
pipe with heat-resistant oxide ceramic powder. The second pipe is formed of a material which is inactive relative to the 
heat-resistant oxide ceramic powder in a high temperature oxidative atmosphere. The method of manufacturing the 
high temperature oxide superconducting wire further includes a step of applying a plastic working and a heat treatment 
to the second pipe filled with the heat-resistant oxide ceramic powder 

55 [0027] According to the method of manufacturing the high temperature oxide superconducting wire following those 
steps, since the second pipe is inactive relative to the heat-resistant oxide ceramic powder in the high temperature 
oxidative atmosphere, that is, the second pipe is difficult to react with the ceramic powder in that atmosphere, the 
material constituting the second pipe is never diffused into the raw powder or the powder of the high temperature oxide 
superconductor within the first pipe through the heat-resistant oxide ceramic powder in the heat treatment . Accordingly. 

^0 the composition of the raw powder or the powder of the high temperature oxide superconductor does not change and 
restriction of reduction in the critical current density is possible. 

[0028] Preferably, the average grain size of the heat-resistant oxide ceramic powder is 1 0 pm or less, and the average 
grain size thereof is more preferably 1 ysrs or less. 

[0029] Preferably conductive metal is evaporated to be deposited on the surface of the heat-resistant oxide ceramic 
*^ powder. Conductive meta! powder is preferably mixed with the heat-resistant oxide ceramic powder. 

[0030] The step of applying the plastic working and the heat treatment to the second pipe preferably includes a step 
of applying a compressing process and a heat treatment to the second pipe which has been subjected to a twisting 
process. 

[0031] The step of applying the plastic working and the heat treatment to the second pipe preferably includes a step 
of applying a drawing or twisting process to the second pipe to produce a plurality of wires, and bundling the plurality 
of wires to be subjected to a twining process and further subjected to compressing aind heat treatment. 
[0032] The step of filling the first pipe with the raw powder or the powder of the high temperature oxide superconductor 
preferably includes a step of preparing a plurality of first pipes and filling the plurality of first pipes respectively with the 
raw powder or the powder of the high temperature oxide superconductor. 
55 [0033] According to another aspect of the present invention, a method of manufacturing a high temperature oxide 
superconducting wire includes the steps of fitting a first pipe formed of a material containing silver with raw powder 
which becomes a high temperature oxide superconductor by a heat treatment or powder of a high temperature oxide 
superconductor, preparing a powder compact having a hole from heat-resistant oxide ceramic powder, inserting the 
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first pipe filled with the raw powder or the powder of the high temperature oxide superconductor into the hole of the 
powder compact, and placing the powder compact having the first pipe inserted therein in a second pipe. The second 
pipe is formed of a material which is inactive relative to the heat-resistant oxide ceramic powder in a high temperature 
oxidative atmosphere. The method of manufacturing the high temperature oxide superconducting wire further includes 

s a step of applying a plastic working and a heat treatment to the second pipe in which the powder compact is placed. 
[0034] According to the method of manufacturing the high temperature oxide superconducting wire following those 
steps, since the second pipe is inactive relative to the heat-resistant oxide ceramic powder in the high temperature 
oxidative atmosphere, that is, the second pipe is difficult to react with the ceramic powder in that atmosphere, the 
material constituting the second pipe is never diffused into the raw powder or the powder of the high temperature oxide 

10 superconductor within the first pipe through the heat-resistant oxide ceramic powder in the heat treatment . Accordingly, 
the composition of the raw powder or the powder of the high temperature oxide superconductor does not change and 
restriction of reduction in the critical current density is possible. 

[0035] Preferably the average grain size of the heat-resistant oxide ceramic powder is equal to 1 0 pm or less, and 
the average grain size is more preferably equal to 1 ^m or less. 
IS [0036] Preferably conductive metal is evaporated to be deposited on the surface of the heat-resistant oxide ceramic 
powder. Preferably conductive metai powder is mixed with the heat-resistant oxide ceramic powder. 
[0037] Preferably the step of applying the plastic working and the heat treatment to the second pipe includes a step 
of applying, after application of a twisting process to the second pipe, a compressing process and a heat treatment to 
the second pipe. 

20 [0038] The step of applying the plastic working and the heat treatment to the second pipe preferably includes a step 
of applying a drawing or twisting process to the second pipe to produce a plurality of wires, bundling the plurality of 
wires, applying a twining process and further applying a compressing process and a heat treatment to the wires. 
[0039] Preferably the step of filling the first pipe with the raw powder or the powder of the high temperature oxide 
superconductor includes a step of preparing a plurality of first pipes, and filling the plurality of first pipes respectively 

25 with the raw powder or the powder of the high temperature oxide superconductor. 

[0040] According to still another aspect of the present invention, a method of manufacturing a high temperature oxide 
superconducting wire includes the steps of filling a first pipe formed of a material containing silver with raw powder 
which becomes a high temperature oxide superconductor by a heat treatment or powder of a high temperature oxide 
superconductor, and attaching heat-resistant oxide ceramic powder onto a surface of a metal plate to produce a plate- 

50 shaped body. The metal plate is formed of a material which is inactive relative to the heat-resistant oxide ceramic 
powder in a high temperature oxidative atmosphere. The method of manufacturing the high temperature oxide super- 
conducting wire further includes a step of winding the plate-shaped body around the first pipe filled with the raw powder 
or the powder of the high temperature oxide superconductor to place the resultant one in a second pipe. The second 
pipe is formed of a material which is inactive relative to the heat-resistant oxide ceramic powder in the high temperature 

35 oxidative atmosphere. The method of manufacturing the high temperature oxide superconducting wire further includes 
a step of applying a plastic working and a heat treatment to the second pipe in which the plate-shaped body is placed. 
[0041] According to the method of manufacturing the high temperature oxide superconducting wire following those 
steps, since the materials constituting the metal plate and the second pipe are both inactive relative to the heat-resistant 
oxide ceramic powder in the high temperature oxidative atmosphere, that is, the materials are difficult to react with the 

^ ceramic powder in that atmosphere, the material forming the metal plate and the material forming the second pipe are 
never diffused into the raw powder or the powder of the high temperature oxide superconductor in the first pipe through 
the heat-resistant oxide ceramic powder in the heat treatment. As a result, the composition of the raw powder or the 
powder of the high temperature oxide superconductor never change and reduction in the critical current density can 
be restricted. 

-^5 [0042] Preferably the average grain size of the heat-resistant oxide ceramic powder is equal to or less than 10 |j.m, 
and more preferably the average grain size is equal to or less than 1 ^un. 

[0043] Preferably conductive metal is evaporated and deposited on the surface of the heat-resistant oxide ceramic 
powder. Preferably conductive metal powder is mixed with the heat-resistant oxide ceramic powder. 
[0044] The step of applying the plastic working and the heat treatment to the second pipe preferably includes a step 
of applying a twisting process and thereafter applying a compressing process and a heat treatment to the second pipe. 
[0045] The step of applying the plastic working and the heat treatment to the second pipe preferably includes a step 
of applying a drawing or twisting process to the second pipe to produce a plurality of wires, bundling the plurality of 
wires, applying a twining process to the wires, and further applying a compressing process and a heat treatment thereto. 
[0046] The step of filling the first pipe with the raw powder or the powder of the high temperature oxide superconductor 
55 preferably includes a step of preparing a plurality of first pipes and filling the plurality of first pipes respectively with the 
raw powder or the powder of the high temperature oxide superconductor. 

[0047] The foregoing and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 



4 



EP 0 964 458 A1 



nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] Fig. 1 illustrates a cross section of Sannple 7 In Example l . 

[0049] Fig. 2 illustrates a cross section of Sample 53 in Example 4. 

[0050] Fig. 3 illustrates a cross section of Sample 77 in Example 6. 

[0051] Fig. 4 illustrates a cross section of Sample 97 in Example 7. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



IS 



20 



45 



SO 



55 



(Example 1) 

[0052] Bi203, PbO, SrCOg, CaCOg and CuO were mixed to obtain powder having a composition ratio (atomic ratio) 
of Bi: Pb: Sr: Ca: Cu = 1 .8; 0.4: 2.0: 2.0: 3.0. The obtained powder was heat treated for 1 2 hours at 700*C and thereafter 
ground by a ball mill. The ground powder was heat treated for 8 hours at 800**C and thereafter ground by the ball mill. 
The ground powder was heat treated for 4 hours at 850°C and thereafter ground by the ball mill. 
[0053] After the powder obtained by the grinding was heat treated for 2 hours at 800° C for deaeration, a silver pipe 
as a first pipe having an outer diameter of 25 mmct» and an inner diameter of 22 mnv^ was filled with the powder. The 
silver pipe filled with the powder was drawn to have the outer diameter of 20 mm<^. A silver pipe as a second pipe 
having an outer diameter of 23 mm(t) and an inner diameter of 22 mm0 was filled with the drawn wire together with 
ceramic powder having an average grain size of 1 [jum as a high-resistant body shown in Table 1 . The silver pipe was 
drawn to have the outer diameter of 1.44 mm<t> and a wire is obtained. The resultant wire was cut into 61 wires, the 61 
wires were bundled to be fit in a silver pipe as a third pipe having an outer diameter of 14 mm^ and an inner diameter 
of 13 mm(i), and the pipe was drawn to have an outer diameter of 1 .25 mmcj). The resultant wire was rolled to have a 
thickness of 0.25 mm to obtain a tape-shaped wire. The wire was heat treated for 50 hours at 845''C and cooled to the 
room temperature, subjected to a rolling process to have a thickness of 0.22 mm, and thereafter heat treated for 50 
hours at 840'*C to obtain a high temperature oxide superconducting wire. 

[0054] The ceramic powder in the obtained high temperature oxide superconducting wire was removed to measure 
the critical current density thereof by the dc four-probe method in liquid nitrogen. The result of the measurement is 
shown- by Table 1 . 

Table 1 



Sample No. 


Ceramic Powder 


Critical Current Density 
(A/cm2) 


1 


None 


35.000 


2 


Zirconium Oxide (2r02) 


17.000 


3 


Manganese Oxide (MogOs) 


18,000 


4 


Silicon Nitride (Si3N4] 


5,000 


5 


Silicon Carbide (SiC) 


3,000 


6 


Yttrium Oxide Stabilizing Zirconia (YSZ) 


2,000 


7 


Aluminum Oxide {Af,20^) 


36.000 


8 


Magnesium Oxide (MgO) 


35,000 


9 


Silicon Oxide (SiOg) 


. 33.000 


10 


Cobalt Oxide (CoO) 


35,000 


11 


Cobalt Tetraoxide (C03O4) 


34.500 


12 


(Sr. Ca)2Cu03 


34.000 


13 


BigSrjCuOjt 


35.500 



[0055] According to Table 1 . 
oxide or the magnesium oxide 



it can be seen that the critical current density is especially high when the aluminum 
is used as the high-resistant body. Further, the ac loss was measured for Samples 1 
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and 7. The ac loss for Sampfe 7 was 1/1 0 or less the ac loss for Sample 1 . 

[0056] Referring to Fig. 1 , a bismuth-based high temperature oxide superconductor 1 was coated with a sheathing 
body 2 formed of silver. Sheathing body 2 was coated with heat-resistant oxide ceramics 3 (A^203)- Heat-resistant 
oxide ceramics 3 was coated with a coating body 4 formed of silver. 

(Example 2) 

[0057] In Example 1 , the silver pipe with the outer diameter of 25 mm^ and the inner diameter of 22 mm(^ was used 
as the first pipe. According to Example 2. a silver alloy pipe having a composition shown in Table 2 and an outer 
diameter of 25 mm(|) and an inner diameter of 22 mm<}) was used as the first pipe. The high-resistant body was aluminum 
oxide with an average grain size of 0.8 jim in Example 2 while various high-resistant bodies were used in Example 1 . 
All of the other steps of Example 2 were the same as those of Example 1 . 

[0058] The critical current density of a high temperature oxide superconducting wire obtained by the steps accordingly 
was measured in the same manner as that of Example 1 . The result thus obtained is shown by Table 2. 



Table 2 



Sample No. 


First Pipe First Pipe 


Critical Current Density 
(A/cm2) 


21 


Ag 


36.000 


22 


Ag-10at%Mg 


5.000 


23 


Ag-10at%Au 


34,000 


24 


Ag-0.5at%Sb 


36.000 



[0059] Ag-1 0at%Mg in Table 2 shows that the ratio of the number of magnesium atoms accounts for 1 0% of the total 
atoms. Reduction of the critical current density due to a large amount of added magnesium to Sample 22 can be 
understood from Table 2. 

(Example 3) 

[0060] According to Example 3, magnesium oxide (MgO) having an average grain size of 1 .2 jam was used as ceramic 
grains, and various materials for the second and third pipes were used to measure the critical current density of a 
superconducting wire. 

[0O61] Specifically, mixed powder of Bi203. PbO, SrC03, CaC03 and CuO having the same composition as that of 
Example 1 was prepared. A silver pipe as the first pipe similar to that of Example 1 was filled with the mixed powder 
and the pipe was drawn to have an outer diameter of 20 mm4>. A second pipe having a composition shown in Table 3 
and having an outer diameter ot 23 mm(|) and an inner diameter of 22 mm <^ was filled with the drawn silver pipe and 
powder of magnesium oxide with an average grain size of 1 .2^Lm, and drawn to have an outer diameter of the pipe of 
1.44 mmtj) to produce a wire. The obtained wire was cut into 61 wires, the 61 wires were bundled to be fit in a third 
pipe having a composition shown in Table 3 and an outer diameter of 14 mm0 and an inner diameter of 1 3 mm0, and 
a resultant pipe was drawn to have an outer diameter of 1.25 mm(j>. The resultant wire was heat treated and rolled in 
a similar manner to that of Example 1 and thus a superconducting wire was prepared. The critical current density of 
the superconducting wire was measured in a manner similar to that of Example 1. The result thus obtained is shown 
by Table 3. 



Table 3 



Sample No. 


Second and Third Pipes 


Critical Current Density 
(A/cm2) 


31 


Ag 


34,000 


32 


Cu 


1,000 


33 


Ni 


1,500 


34 


Ag-5at%Mg 


33,000 


35 


Ag-2at%Mn 


35.000 
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Table 3 (continued) 



Sample No. 


Second and Third Pipes 


Critical Current Density 
(A/cm2) 


36 


Ag-10at%Au 


34,000 


37 


Ag-0.6at%Sb 


36.000 


38 


Ag-0.1at%Pd 


32.000 


39 


[Ag-A€203] 


34.000 


40 


[Ag-MgOi 


36,000 


41 


[Ag-MojOa] 


35.500 


42 


[Ag-LigO] 


33,000 


43 


SUS304 


35,000 


44 


SUS310 


34,000 


45 


Inconel 600 


36.000 


46 


Incoloy 


32,000 



[0062] Referring to Table 3, 'inconel 600" of Sample 45 represents alloy having its composition of Ni: Fe: Cr: Cu = 
0.758: 0.08: 0.16; 0.002 as the atomic ratio, and "incoloy" of Sample 46 represents alloy having a composition of NI: 
Fe: Cr = 0.34: 0.46: 0.2 as an atomic ratio. Reduction in the critical current density of Samples 32 and 33 can be seen 
from Table 3. 

(Example 4) 

[0063] According to Example 4, conductive metal powder was added, to the ceramic powder used in Example 1 to 
prepare a sample. 

[0064] Specifically, in the step of filling the second pipe with the ceramic powder according to Example 1 , the.second 
pipe was filled with powder obtained by mixing the ceramic powder shown in table 4 with the conductive metal powder, 
and thereafter a superconducting wire was produced by the same method as that of Example 1 to obtain Samples 
51-56. Concerning Samples 53-56, powder of conductive metals such as silver and gold was added to provide the 
surface of the wire and the central superconducting filament portion with conductivity. Therefore, the critical current 
density was measured in the liquid nitrogen by the dc four-probe method without removing the ceramic powder as 
heat-resistant oxide ceramics. Concerning Samples 51 and 52, ceramic powder was removed to measure the critical 
current density by the dc four-probe method in the liquid nitrogen. The result of the measurement is shown by Table 4. 



Table 4 



Sample No. 


Ceramic Powder 


Conductive Metal Powder 


Critical Current Density 
(A/cm2) 


51 


Aluminum Oxide (A/2O3) 


None 


34,500 


52 


Magnesium Oxide (MgO) 


None 


35.500 


53 


Aluminum Oxide (A€203) 


Ag 


35,000 


54 


Aluminum Oxide (A-^gOa) 


Au 


34.000 


55 


Magnesium Oxide (MgO) 


Ag 


36.000 


56 


Magnesium Oxide (MgO) 


Au 


35.000 


Ceramic powder was removed for measuring Samples 51 and 52. 



[0065] It can be seen from Table 4 that the critical current density does not decrease even it the conductive metal 
powder is added. 

[0066] Referring to Fig. 2, a bismuth-based high temperature oxide superconductor 6 was coated with a sheathing 
body 7 formed of silver. Sheathing body 7 was coated with heat-resistant oxide ceramics 8 {A€2^2) conductive 
metal powder 9. Heat-resistant oxide ceramics 8 and conductive metal powder 9 were coated with a coating body 10 
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formed of silver. 
(Example 5) 

[0067] According to Example 5, gold or silver was evaporated and deposited on the surface of the alumina employed 
in Example 1 to prepare powder, and the second pipe was filled with this powder. 

[0068] Specifically, in the step of filling the second pipe with the ceramic powder in Example 1 . according to Example 
5, the second pipe was filled with powder of aluminum oxide without deposited metal nnaterial or powder of aluminum 
oxide having metal material deposited thereon as shown in Table 5. Superconducting wires represented by Samples 
61 -63 were obtained following steps similar to those of Example 1 . 

[0069] Concerning Samples 62 and 63 thus obtained, the surface of the superconducting wire and the central su- 
perconducting filament portion were provided with conductivity similarly to the samples obtained in Example 4. Accord- 
ingly, the ceramic powder was not removed to measure the critical current density in the liquid nitrogen by the dc four- 
probe method. Concerning Sample 51 , the ceramic powder was removed to measure the critical current density in the 
liquid nitrogen by the dc four-probe method. The result thus obtained is shown by Table 5. 



Table 5 



Sample No. 


Ceramic Powder 


Deposited Metal Material 


Critical Current Density 
(A/cm2) 


61 


Aluminum Oxide {Af.20^) 


None 


37.000 


62 


Aluminum Oxide (A^aOs) 


Ag 


36.500 


63 


Aluminum Oxide (^^2'^^) 


Au 


36.000 


Ceramic powder was removed for measuring Sample 61. 



[0070] It can be seen from Table 5 that almost no reduction in the critical current density is observed even when the 
deposited metal material was used. 

30 (Example 6) 

[0071] BigOg, PbO, SrCOg, CaCOg and CuO were mixed to obtain powder having a composition ratio (atomic ratio) 
of Bi: Pb: Sr: Ca: Cu = 1 .8: 0.4: 2.0: 2.0: 3.0. The obtained powder was heat treated for 1 2 hours at 70a*C and thereafter 
ground by a ball mill. The ground powder was heat treated for 8 hours at 800*C and thereafter ground by the ball mill. 
35 The ground powder was heat treated for 4 hours at SSO'C and thereafter ground by the ball mill. 

[0072] The powder obtained by grinding was heat treated for 2 hours at 800'C and thus deaerated. A silver pipe as 
a first pipe having an outer diameter of 25 mm(> and an inner diameter of 22 mm(|> was filled with this powder, and the 
silver pipe filled with the powder was drawn to have an outer diameter of 1 .30 mnrx{>. A wire thus obtained by the drawing 
process was cut into 61 wires. 

40 [0073] Ceramic powder as a high-resistant body having an average grain size of 0.8 ^rni and a composition shown 
in Table 6 was utilized to prepare a cylinder-shaped powder compact with an outer diameter of 1 2,9 mm({), and 61 holes 
having an inner diameter of 1.30 mm(J) each were made in the powder compact. 61 wires obtained by the preceding 
step were respectively inserted into the holes. The powder compact having those wires inserted therein was inserted 
into a silver pipe as the second pipe having an outer diameter of 14 mm^ and an inner diameter of 13 mmcj), and the 

45 silver pipe was drawn to have an outer diameter of 1 .25 mm<t). The silver pipe was further rolled to have a thickness 
of 0.25 mm to obtain a tape-shaped wire. 

[0074] The tape-shaped wire was heat treated for 50 hours at 845'*C and thereafter cooled to the room temperature. 
The tape-shaped wire was then rolled to have a thickness of 0.22 mm and thereafter heat treated for 50 hours at 840*'C 
to obtain a high temperature oxide superconducting wire. 
so [0075] The critical current density of the resuftant wire was measured by the dc four-probe method after removing 
the ceramic powder in the wire. The result thus obtained is shown by Table 6. 



Table 6 



Sample No. 


Ceramic Powder 


Critical Current Density 
(A/cm2) 


71 


None 


37.000 
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Table 6 (continued) 



Sample No. 


Ceramic Powder 


Critical Current Density 
(A/cm2) 


72 


Zirconium Oxide (ZrOg) 


16.000 


73 


Manganese Oxide MngOg) 


14,000 


74 


Silicon Nitride (Si3N4) 


2.000 


75 


Silicon Carbide (SiC) 


1,000 


76 


Yttrium Oxide Stabilizing Zirconia (YSZ) 


1.500 


77 


Aluminum Oxide (A^203) 


35.000 


73 


Magnesium Oxide (MgO) 


37,000 


79 


Silicon Oxide (SiOg) 


30,000 


80 


Cobalt Oxide (CoO) 


35.500 


81 


Cobalt Tetraoxide (C03O4) 


36.000 


82 


(Sr. Ca)2Cu03 


36.500 


83 


BiaSraCuOx 


35.500 



[0076] It can be seen from Table 6 that the critical current density does not decrease when the oxide ceramics is not 
used. 

[0077] Referring to Fig. 3, concerning Sample 77, a bismuth-based high temperature oxide superconductor 11 was 
coated with a sheathing body 12. Sheathing body 12 was coated with heat-resistant oxide ceramics 13 (A^203) as a 
high-resistant body. Heat-resistant oxide ceramics 13 was coated with a coating body 14 formed of silver. 

(Example 7) 

30 

[0078] Bi203, PbO. SrC03, OsCO^ and CuO were mixed to obtain powder having a composition ratio (atomic ratio) 
of Bi: Pb: Sr: Ca: Cu = 1 .8; 0.4: 2.0: 2.0: 3.0. The obtained powder was heat treated for 1 2 hours at 70O'C and thereafter 
ground by a ball mill. The ground powder was heat treated for 8 hours at SOO'C and thereafter ground by the ball mill- 
After the ground powder was heat treated for 4 hours at 850'C. the powder was ground by the ball milt. 
^ [0079] After the powder obtained by the grinding process was heat treated for 2 hours at 800'C for deaeration, a 
silver pipe as a first pipe with an outer diameter of 25 mm(J> and an inner diameter of 22 mm<l» was filled with the resultant 
powder. The silver pipe filled with the powder was drawn to have an outer diameter of 1 .30 mnrxt). The drawn wire was 
cut into 61 wires. 

[0060] Ceramic powder having an average grain size of 0.5|im and a composition shown in Table 7 to function as a 
high-resistant body was applied onto one surface of a plate formed of silver and having a thickness of 0.1 mm, and 
accordingly a plate-shaped body formed of the ceramic powder and the silver was prepared. The plate-shaped body- 
was wound around respective 61 wires, the 61 wires around which the plate-shaped body was wound were bundled 
to be fit in a silver pipe as a second pipe with an outer diameter and an inner diameter respectively of 14 mm(ti and 1 3 
mm(|>. The resultant pipe was drawn to have an outer diameter of 1 .25 mm<j>. The drawn silver pipe was subjected to 
^ a rolling process to have a thickness of 0.25 mm and accordingly a tape-shaped wire was obtained. The tape-shaped 
wire was heat treated for 50 hours at 845'*C, cooled to the room temperature, and subjected to a rolling process to 
have a thickness of 0.22 mm. The wire was heat treated for 50 hours at 840' C and thus superconducting wires rep- 
resented by samples 91-103 were obtained. 

[0081] The critical current density of the obtained samples 92-103 was measured in liquid nitrogen by the dc-four 
probe method after the ceramic powder in the wire was removed. The critical current density for sample 91 was meas- 
ured without changing the state of the obtained wire in the liquid nitrogen by the four-probe method. The result accord- 
ingly obtained is shown by Table 7. 
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Table 7 



Sample No. 


Ceramic Powder 


Critical Current Density 
(A/cm2) 


91 


None 


34,000 


92 


Zirconium Oxide (ZrOg) 


13.000 


93 


Manganese Oxide (MnoO^i) 

O X £ J/ 


16.000 


94 


Silicon Nitride (Si3N4) 


4.000 


95 


Silicon Carbide (SiC) 


2.000 


96 


Yttrium Oxide Stabilizing Zirconia (YSZ) 


1.000 


97 


Aluminum Oxide {A€20^) 


35,500 


98 


Magnesium Oxide (MgO) 


36.000 


99 


Silicon Oxide (Si02) 


31.000 


100 


Oxide (CoO) 


34.50Q 


101 


Cobalt Cobalt Tetraoxide (C03O4) 


34.000 


102 


(Sr. Ca)2Cu03 


35,500 


103 


Bi2Sr2CuO^ 


36,500 



[0082] It can be seen from Table 7 that the critical current density of samples having the ceramic powder other than 
that of oxide decreases. 

[0083] Further, the ac loss of Samples 91 and 97 was measured. The ac loss of Sample 97 was 1/10 or less the ac 
loss of Sample 91. 

[0084] Referring to Fig. 4, a bismuth-based high temperature oxide superconductor 21 was coated with a sheathing 
body 22. Edges 23a and 23b of a ceramic portion 23 of the plate-shaped body were not in contact with each other 
The plate-shaped body was coated wrth a coating body 24 formed of silver. 

(Example 8) 

[0085] Bi203, PbO, SrC03. CaCOs and CuO were mixed to obtain powder having a composition ratio (atomic ratio) 
of Bi: Pb: Sr: Ca: Cu = 1 .8: 0.4: 2.0: 2.0: 3.0. The obtained powder was heat treated for 1 2 hours at 700'C, and thereafter 
ground by a ball mill. After the ground powder was heat treated for 8 hours at SOO'C, the powder was ground by the 
bail mill. The ground powder was heal treated for 4 hours at SSO'C, and thereafter ground by the ball mill. 
[0086] The obtained powder by the grinding process was heat treated for 2 hours at 800°C for deaeration, and 
thereafter a silver pipe as a first pipe having an outer diameter of 25 mm<t> and an inner diameter of 22 mm<t> was filled 
with the powder. The silver pipe filled with the powder was drawn to have an outer diameter of 20 mm(>, a silver pipe 
having an outer diameter of 23 mm<> and an inner diameter of 22 mm<^ was filled with the. obtained silver pipe together 
with aluminum oxide (A^gOs) powder having an average grain size of 0.5 mjti and functioning as a high-resistant body. 
The silver pipe thus obtained was drawn to have an outer diameter of 1,44 mm<^ to obtain a wire. 
[0087] The obtained wire was cut into 61 wires, the 61 wires were bundled to be fit in a silver pipe with an outer 
diameter of 1 4 mm4i and an inner diameter of 1 3 mm<t) and the silver pipe was subjected to a drawing process to have 
an outer diameter of 1 .25 mm(|). and thus a wire was obtained. 

[0088] The obtained wire was twisted at a twist pitch of 10 mm. and rolled to have a thickness of 0.25 mm and 
accordingly a tape-shaped wire was obtained. The resultant tape-shaped wire was heat treated for 50 hours at 845°C, 
cooled to the room temperature and rolled to have a thickness of 0.22 mm. After the rolling process, the wire was heat 
treated for 50 hours at 840''C to obtain a high temperature oxide superconducting wire. 

[0089] The critical current density of the obtained wire was measured in liquid nitrogen by the dc-four probe method 
after aluminum oxide was removed. The critical current density of the silver sheath wire having the oxide superconductor 
coated only with silver similar to the conventional one was also measured in liquid nitrogen by the dc-four probe method. 
According to the result of the measurement, the critical current density of the silver sheath wire was 33000A/cm2, white 
the wire of the invention had the critical current density of 32500A/cm2. Accordingly no difference was recognized 
therebetween. The ac loss of the wire obtained by following the steps above was measured in liquid nitrogen. The ac 
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loss oi the silver sheath wire was also measured in liquid nitrogen. The result of the measurement shows that the ac 
loss of the wire of the invention is 1/10 of the ac loss of the silver sheath wire. 

(Example 9) 

[0O9O] BigOg, PbO, SrCOg, CaC03 and CuO were mixed to obtain powder having a composition ratio (atomic ratio) 
of Bi: Pb: Sr: Ca: Cu = 1 .8: 0.4: 2.0: 2.0: 3.0. The obtained powder was heat treated for 1 2 hours at ZOO'C, and thereafter 
ground by a ball mill. The ground powder was heat treated tor 8 hours at BOO^'C, and thereafter ground by the ball mill. 
The ground powder was heat treated for 4 hours at 850°C. and thereafter ground by the ball mill. 
[0091] The powder thus obtained by the grinding process was heat treated tor 2 hours at 800"C for deaeration. After 
that, a silver pipe as a first pipe with an outer diameter of 25 mm^ and an inner diameter of 22 mm0 was filled with that 
powder. The silver pipe filled with the powder was drawn to have an outer diameter of 20 mmcti. A silver pipe with an 
outer diameter and an inner diameter respectively of 23 mm and 22 mm was filled with the resultant silver pipe together 
with magnesium oxide (MgO) having an average grain size of 0.5 p.m and functioning as a high-resistant body, and 
the resultant silver pipe was drawn to have an outer diameter of 0.44 mm0. 

[0092] The wire obtained by the drawing process was cut into 61 wires, the 61 wires were bundled to be fit in a silver 
pipe with an outer diameter and an inner diameter respectively of 14 mm<|) and 13 mm(>, and the obtained silver pipe 
was drawn to have an outer diameter of 1 .25 mm(t>. Following a similar step to the step above, 6 wires having an outer 
diameter of 1 .25 mm^) each were prepared. 6 wires were bundled to be subjected to a twining process at a pitch of 70 
mm, and a resullant stranded wire was rolled to have a thickness of 0.5 mm to obtain a tape-shaped wire. 
[0093] The resultant wire was heat treated for 50 hours at 845*0 and thereafter cooled to the room temperature. 
The tape-shaped wire was roiled to have a thickness of 0.45 mm and thereafter heat treated for 50 hours at S40"C to 
obtain a high temperature oxide superconducting wire. 

[0094] The critical current density of the obtained wire was measured in liquid nitrogen by the dc tour-probe method 
after the magnesium oxide was removed. Further, the conventional silver sheath wire was prepared and the critical 
current density of the silver sheath wire was measured in liquid nitrogen by the dc four-method. According to the result 
of the measurement, the critical current density of the silver sheath wire was 35000A/cm2, while the wire of the present 
invention had the critical current density of 34500A/cm2, and thus there is no difference recognized therebetween. 
[0095] In addition, the ac loss of the wire of the present invention was measured in liquid nitrogen. The ac loss of 
the conventional silver sheath wire was also measured in liquid nitrogen. The ac loss of the wire of the present invention 
was 1/5 the ac loss of the silver sheath wire. 

(Example 10) 

[0096] BigOg, PbO, SrCO^, CaCOg and CuO were mixed to obtain powder having a composition ratio (atomic ratio) 
of Bi: Pb: Sr: Ca: Cu = 1 .8: 0.4: 2.0: 2.0: 3.0. The obtained powder was heat treated for 1 2 hours at 700°C, and ground 
by a ball mill. The ground powder was heat treated for 8 hours at SOCC, and ground by the ball mill. The ground powder 
was heat treated for 4 hours at SSCC. and ground by the ball mill. 

[0097] The ground powder was heat treated for 2 hours at SOO^C for deaeration. After that, an Ag-10at% Au alloy 
pipe as a first pipe having an outer diameter of 25 mm^ and an inner diameter of 22 mm<j) was filled with that powder, 
and the pipe filled with the powder was drawn to have an outer diameter of 1 .30 mm<|i to obtain a wire. The obtained 
wire was cut into 61 wires. 

[0098] Aluminum oxide {A^2'^3) powder with an average grain size of 0.8 |j.m was used to prepare a cylinder-shaped 
powder compact with an outer diameter of 12.9 mm0. and 61 holes having an inner diameter of 1 .30 mnrxj) each were 
made inside the powder compact. The 61 wires prepared by the step described above were respectively inserted into 
the holes, the powder compact to which the wires were inserted was inserted into an Ag-10at%Au alloy pipe as a 
second pipe with an outer diameter and an Inner diameter respectively of 14 mn^ and 13 mmcj), and the alloy pipe was 
drawn to have an outer diameter of l .25 mm0 to obtain a wire. 

[0099] The resultant wire was rolled to have a thickness of 0.25 mm and accordingly a tape-shaped wire was obtained. 
The tape-shaped wire was heat treated for 50 hours at 845° C. cooled to the room temperature, and thereafter rolled 
to a thickness of 0.22 mm to obtain a tape-shaped wire. 10 pieces of such tape-shaped wires thus obtained were 
deposited on each other and heat treated for 50 hours at 840**C. Accordingly, a high temperature oxide superconducting 
wire lead was obtained. 

[0100] The amount of inserted heat of the lead thus obtained was measured in a range of temperature from 4.2K to 
77.3K. Under the same condition, the amount of inserted heat of the conventional silver sheath wire was measured. 
The amount of inserted heat of the current lead formed of the conventional silver sheath wire was 0.28W/kA at 500A, 
while the amount of inserted heat of the lead of the invention was O.OSW/kA at 500A. The amount of inserted heat can 
be reduced to 1/5 or less of that of the conventional wire. 
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[0101] Although the present invention has been described and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is not to be taken by way of limitation, the spirit and scope of the 
present invention being limited only by the terms of the appended claims. 

Claims 

1. A high temperature oxide superconducting wire comprising: 
a high temperature oxide superconductor; 

a sheathing body formed of material containing silver for coating said high temperature oxide superconductor; 
a high-resistant body formed of material containing heat-resistant oxide ceramics for coating said sheathing 
body; and 

a coating body formed of material which is inactive relative to said high-resistant body in a high temperature 
oxidative atmosphere for coating said high-resistant body. 

2. The high temperature oxide superconducting wire according to claim 1 , wherein 
a plurality of said sheathing bodies are provided and said high-resistant body is interposed between said 

plurality of sheathing bodies. 

3. The high temperature oxide superconducting wire according to claim 1 , wherein 

said high temperature oxide superconductor is in a form of filament. 

4. The high temperature oxide superconducting wire according to claim 1 , wherein 

^5 said heat-resistant oxide ceramics is a ceramic material which is stable in an oxidative atmosphere of at 

least 800'C. 

5. The high temperature oxide superconducting wire according to claim 1 , wherein 

said heat-resistant oxide ceramics includes at least one selected from the group consisting of f^.^^, MgO, 
30 Cob, C03O4, SiOg. BigSraCuOx and (Sr, CajgCuOg. 

6. The high temperature oxide superconducting wire according to claim 1 . wherein 

the material constituting said coating body includes at least one selected from the group consisting of silver, 
silver alloy, oxide-dispersed silver, stainless steel and nickel alloy. 

35 

7. The high temperature oxide superconducting wire according to claim 6, wherein 

said silver alloy includes at least one selected from the group consisting of Ag-Mg alloy, Ag-Mn alloy, Ag-Au 
alloy, Ag-Sb alloy and Ag-Pd alloy. 

8. The high temperature oxide superconducting wire according to claim 6, wherein 

said oxide-dispersed silver is formed by dispersing grains of oxide including at least one selected from the 
group consisting of A^2^z^ MgO, MngOs and Li20 in silver. 

9. The high temperature oxide superconducting wire according to claim 6, wherein 

^ said stainless steel is SUS304 (Japanese Industrial Standard) or SUS310 (Japanese Industrial Standard). 

10. The high temperature oxide superconducting wire according to claim 6, wherein 

said nickel alloy is Ni-Cr-Fe alloy. 

50 11. The high temperature oxide superconducting wire according to claim 1 . wherein 
conductive metal is added to said heat-resistant oxide ceramics. 

12, The high temperature oxide superconducting wire according to claim 11. wherein 

said conductive metal includes at least one selected from the group consisting of silver, silver alloy, gold and 
55 gold alloy. 

13. The high temperature oxide superconducting wire according to claim 1 , wherein 

the nnaterial constituting said sheathing body includes at least one selected from the group consisting of Ag, 
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Ag-Au alloy and Ag-Sb alloy. 

14. The high temperature oxide superconducting wire according to claim 1, wherein 

said high temperature oxide superconductor is Bi (Pb)-Sr-Ca-Cu-O-based high temperature superconductor. 

15. The high temperature oxide superconducting wire according to claim 1, wherein 

said high temperature oxide superconducting wire is a high temperature oxide superconducting current lead. 

16. A method ot manufacturing a high temperature oxide superconducting wire, comprising the steps of: 

filling a first pipe formed of material containing silver with raw powder which becomes a high temperature oxide 
superconductor by a heat treatment or powder of said high temperature oxide superconductor; 
placing said first pipe filled with said raw powder or said powder of the high temperature oxide superconductor 
in a second pipe; 

filling a space between an outer surface of said first pipe and an inner surface of said second pipe with heat- 
resistant oxide ceramic powder, said second pipe formed of material which is inactive relative to said heat- 
resistant oxide ceramic powder in a high temperature oxidative atmosphere; and 

applying a plastic working and a heat treatment to said second pipe filled with said heat-resistant oxide ceramic 
powder. 

17. The method of manufacturing the high temperature oxide superconducting wire according to claim 16. wherein 

an average grain size of said heat-resistant oxide ceramic powder is equal to or less than 10 ^m. 

18. The method of manufacturing the high temperature oxide superconducting wire according to claim 17, wherein 

the average grain size of said heat-resistant oxide ceramic powder is equal to or less than 1 |j.m. 

19. The method of manufacturing the high temperature oxide superconducting wire according to claim 16, wherein 

conductive metal is evaporated and deposited on a surface of said heat-resistant oxide ceramic powder. 

20. The method of manufacturing the high temperature oxide superconducting wire according to claim 16, wherein 

conductive metal powder is mixed with said heat-resistant oxide ceramic powder. 

21 . The method of manufacturing the high temperature oxide superconducting wire according to claim 16, wherein 

said step of applying the plastic working and the heat treatment to said second pipe includes a step of applying 
a twisting process to said second pipe and thereafter applying a compressing process and the heal treatment to 
said second pipe. 

22. The method of manufacturing the high temperature oxide superconducting wire according to claim 16. wherein 

said step of applying the plastic working and the heat treatment to said second pipe includes a step of applying 
a drawing process or a twisting process to said second pipe to produce a plurality of wires, bundling said plurality 
of wires and applying a twining process thereto, and further applying a compressing process and the heat treatment 
to the wires. 

23. The method of manufacturing the high temperature oxide superconducting wire according to claim 16, wherein 

said step of filling said first pipe with the raw powder or the powder of the high temperature oxide supercon- 
ductor includes a step of preparing a plurality of said first pipes and filling each of said plurality of first pipes with 
said raw powder or said powder of the high temperature oxide superconductor. 

24. A method of manufacturing a high temperature oxide superconducting wire, comprising the steps of: 

filling a first pipe formed of material containing silver with raw powder which becomes a high temperatures 
oxide superconductor by a heat treatment or powder of said high temperature oxide superconductor; 
preparing a powder compact having a hole from heat-resistant oxide ceramic powder; 
inserting said first pipe filled with said raw powder or said powder of the high temperature oxide superconductor 
into the hole of said powder compact; 

placing said powder compact in which said first pipe is inserted in a second pipe, said second pipe formed of 
material which is inactive relative to said heat-resistant oxide ceramic powder in a high temperature oxidative 
atmosphere; and 
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applying a plastic working and a heat treatment to said second pipe in which said powder compact is placed. 

25. The method of manufacturing the high temperature oxide superconducting wire according to claim 24, wherein 

an average grain size of said heat-resistant oxide ceramic powder is equal to or less than 10 ^m. 

26. The method of manufacturing the high temperature oxide superconducting wire according to claim 25. wherein 

the average grain size of said heat-resistant oxide ceramic powder is equal to or less than 1 \im. 

27. The method of manufacturing the high temperature oxide superconducting wire according to claim 24, wherein 

conductive metal is evaporated and deposited on a surtace of said heat-resistant oxide ceramic powder. 

28. The method of manufacturing the high temperature oxide superconducting wire according to claim 24, wherein 

conductive metal powder is mixed with said heat-resistant oxide ceramic powder 

29. The method of manufacturing the high temperature oxide superconducting wire according to claim 24, wherein 

said step of applying the plastic working and the heat treatment to said second pipe includes a step of applying 
a twisting process to said second pipe and thereafter applying a compressing process and the heat treatment to 
the second pipe. 

30. The method of manufacturing the high temperature oxide superconducting wire according to claim 24, wherein 

said step of applying the plastic working and the heat treatment to said second pipe includes a step of applying 
a drawing process or a twisting process to said second pipe to produce a plurality of wires, bundling said plurality 
of wires and applying a twining process thereto, and further applying a compressing process and the heat treatment 
to the wires. 

31. The method of manufacturing the high temperature oxide superconducting wire according to claim 24, wherein 

said step of filling said first pipe with the raw powder or the powder of the high temperature oxide supercon- 
ductor includes a step of preparing a plurality of said first pipes and filling each of said plurality of first pipes with 
said raw powder or said powder of the high temperature oxide superconductor. 

32. A method of manufacturing a high temperature oxide superconducting wire comprising the steps of: 

filling a first pipe formed of material containing silver with raw powder which becomes a high temperature oxide 
superconductor by a heat treatment or powder of said high temperature oxide superconductor; 
attaching heat-resistant oxide ceramic powder to a surface of a metal plate to produce a plate-shaped body, 
said metal plate formed of material which is inactive relative to said heat-resistant oxide ceramic powder in a 
high temperature oxidative atmosphere; 

winding said plate-shaped body around said first pipe filled with said raw powder or said powder of the high 
temperature oxide superconductor and placing a resultant one in a second pipe, said second pipe formed of 
material which is inactive relative to said heat-resistant oxide ceramic powder in the high temperature oxidative 
atmosphere; and 

applying a plastic working and a heat treatment to said second pipe in which said plate-shaped body is placed. 

33. The method of manufacturing the high temperature oxide superconducting wire according to claim 32, wherein 

an average grain size of said heat-resistant oxide ceramic powder is equal to or less than 10 |im. 

34. The method of manufacturing the high temperature oxide superconducting wire according to claim 33. wherein 

the average grain size of said heat-resistant oxide ceramic powder Is equal to or less than 1 p.m. 

35. The method of manufacturing the high temperature oxide superconducting wire according to claim 32. wherein 

conductive metal is evaporated and deposited on a surface of said heat-resistant oxide ceramic powder. 

36. The method of manufacturing the high temperature oxide superconducting wire according to claim 32, wherein 

conductive metal powder is mixed with said heat-resistant oxide ceramic powder. 

37. The method of manufacturing the high temperature oxide superconducting wire according to claim 32, wherein 

said step of applying the plastic working and the heat treatment to said second pipe includes a step of applying 
a twisting process to said second pipe and thereafter applying a compressing process and the heat treatment to 
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the second pipe. 

38, The method of manufacturing the high temperature oxide superconducting wire according to claim 32, wherein 

said step of applying the plastic working and the heat treatment to said second pipe includes a step of applying 
s a drawing process or a twisting process to said second pipe to produce a plurality of wires, bundling said plurality 

of wires and applying a twining process thereto, and further applying a compressing process and the heat treatment 
to the wires. 

39. The method of manufacturing the high temperature oxide superconducting wire according to claim 32, wherein 
JO said step of filling said first pipe with the raw powder or the powder of the high temperature oxide supercon- 
ductor includes a step of preparing a plurality of said First pipes and filling each of said plurality of first pipes with 
said raw powder or said powder of the high temperature oxide superconductor. 
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